Generalized Parton

Distributi ith
.{effeson Lab [ Dsviionswi
F.-X. Girod

perimental Hall B

Overview
@ Introduction
CLAS 12

Proposed
measurements
Proton DVCS
Neutron DVCS
Other highlights

PD extraction

Summary

F.-X. Girod
April 121" 2011




Overview

© Introduction
@ CLAS 12

© Proposed measurements
Proton DVCS
Neutron DVCS
Other highlights

O GPD extraction

® Summary

Generalized Parton
Distributions with
CLAS12

F.-X. Girod

‘jji“-nnerimemal Hall B

Introduction
CLAS 12

Proposed

measurements
Proton DVCS
Neutron DVGS
Other highlights

GPD extraction

Summary



Introduction

Generalized Parton
Distributions with
CLAS12

F.-X. Girod

Experimental Hall B

Overview

CLAS 12

Proposed

measurements
Proton DVCS
Neutron DVGS
Other highlights

GPD extraction

Summary



Physical content of GPDs

Momentum distributions in the transverse plane

- AL _iE 1 0 [dRAL _iE
= [ === H(x, iBLby ——/ E iBy-by
ax(x,b1) /(%)z (x,0,t)e 3mob, | @ny (x,0,t)e

M. Burkardt, Phys. Rev. D62, (2000) 071503
& # 0in M. Diehl, Eur. Phys. J. C25 (2002) 223

Energy-momentum tensor of g flavored quarks

(P2l Tu Ipp) :U(p2>[ M3 () +J9() +dl(0) ]U(m)

To measure gravitational FFs : graviton scattering or GPDs identities :

1
JUt) = 3
-1 (Ji's sumrule)

1 dx x [HI(x, &, 1) + E9(x, €, 0)] , Mg(t)+%d1(t)§2 :%/11 dx xH(x, €, 1)
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Physical content of GPDSs : Energy-momentum tensor of g flavored quarks

(P2l Ty Ipy) = Dipo) | MI (1) +49(1) +al( Ulpy)
My(t) «——  Too : mass distributions inside the hadron
J(t) «—  To; : angular momentum distributions
di(t) «— Tj:forces and pressure distributions

Large N; xQSM from K.Goeke et al. in Phys. Rev. D75 (2007) 094021

?p(r) in GeV fm! (a)
0.01 [ ]
o e 2 o
0.005 [ ] Stability :>/0 drrép(r) =0
+

r < 0.57 fm = p(r) > 0 < repulsion (quark core)

\/ r > 0.57 fm = p(r) < 0 « attraction (pion cloud)

-0.005 |- B
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Access to GPDs : the DVCS process
Observables in the Bjorken limit

*n /
DvVCS BH

Bjorken regime : 7 1,2
@ — oo, \5/ <
v — 00, Olep—=epy) =< + +

xg = Q7 /2Mu fixed Av
( £ B ) (a) (b (©
2—xg

Miiller, Ji, Radyushkin (1994-96) Diehl, Gousset, Pire, Ralston (1997)

Belitsky, Miller, Kirchner (2002-10)

2 v
factorization A — d4o'_' - d4U_ twist-2 asin ¢+
d*o~ + dto— 1+pBcosep+---
~ t
e o o (R eani - gig )
e ——
CH(E ) = my o QG [HUE & 1) — HI(=€, &, 1)]
i q
,,,,, d A o <F17'~C+EGMH+GM1fLEE+~*>Sin¢

e o
leptonic plane
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Observables sensitivities to GPD

o

;&ijiGEQ,j:-é

N\

q q
~*T, ;»'J"y
or / \'\\w ¥

GPD
(L+ &P (1= &F
Zm Re
H A
H AuL o, AL
E | Aut, AT
DVCS

afor a-gp
Meson Flavor
wt Au— Ad
HE 0 2AU+ Ad
n 2Au — Ad +2As
pT u—d
H.E o° 2u+d
w 2u—d
¢ s
DVMP

Only a global analysis of all observables can disentangle GPDs
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12 GeV upgrade
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JLab12

Add 5 =

cryomodules/——
| ==

20 cryomodules

N

Add 5
cryomodules

Enhanced capabilities in existing Halls

New Hall

20 cryomodules

Maintain capability to deliver
lower pass beam energies
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Upgraded apparatus Clstibutions with

CLAS12
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Upgraded apparatus

Forward Central
detector detector
Angular range
Tracks 5 — 40° 35 — 125°
Photons 2.5 —40° n.a.
Resolution
ép/p <1% @ 5 GeV/c 5% @ 1.5 GeV/c
50 <1mr < 10-20 mr
) <3 mr <5mr
Photon detection
Energy >0.15 GeV n.a.
50 4mr@1GeV n.a.
Neutron detection
Efficiency <0.7 under dev.
Particle ID
e/n Full range n.a.
7/p Full range <1.25GeV/c
/K Full range < 0.65 GeV/c
K/p <4 GeV/c <1GeV/c
T — vy Full range n.a.
n— vy Full range n.a.
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Upgraded apparatus

Q? (Gede)

E,=11GeV
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Proton DVCS A, T

CLAS12
80 days @ £ = 10% cm—2s~" with 85% polarized beam F.-X. Girod
s A=(c" -5)/(c" + ) ") Exnerimental Hall B
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Proton DVCS A, T

CLAS12
80 days @ £ = 10% cm—2s~" with 85% polarized beam F.-X. Girod
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CLAS12
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Proton DVCS A,

Hx=8n0/F 0

w

w

Extracted H(¢, &, t) and corresponding transverse profile

Projected x=025 —=—
results 035 ——
i 045 —e—
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CLAS12
F.-X. Girod
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Neutron DVCS setup

For the detection of the scattered electron
and of the DVCS photon: CLASI12 +
Forward Calorimeter

Central
Detector

Forward
Calorimeter

(HTCC removed

for clarity)

For the detection of the recoil neutron:

Central Neutron Detector (CND)
Detection efficiency : 7 10 10 %

Acceptance for

charged particles:

+ Central (CD), 40°<0<135°
+ Forward (FD), 5°<0<40°

Acceptance for photons:
« FC 2.5°<f< 5°
* EC, 5°<<40°
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Generalized Parton
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80 days of beam
L=10"35 /em"2/s
neutron eff=10%
Beam P=85%
Systematics ~ 8%

AN/N=0.05%-10%

The final grid will
0. depending on the actual value of the BSA

2 9
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Transverse target asymmetries Ayr, DVCS & DVMP L

Distributions with

CLAS12
More on angular momentum
F.-X. Girod
DVCS with frozen HD-ice ") Dwerimental Kal B
Q?=2.6,x;=0.25 -
§°'6 o HERMES Overview
S05 | o CLAS12
b Introduction
204 |
2 CLAS 12
3F
xg ~ 0.25 0z b Proposed
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Q" = 26GeV 01 Proton DVCS
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01 F
02 . . . . | Ju=050 GPD extraction

01 02 03 04 05 06 0t.7 Summary

Exclusive p° production (hydrogen target)

= Q2=5 GeV? 04

0.4
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Aur ~ AL ImAB* o2
A~ 2HY + H?
ok
B ~ 2EY + E¢ pY
«0.2
2 e
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GPD Extraction

Generalized Parton
Distributions with
CLAS12

F.-X. Girod

Experimental Hall B

Overview
Introduction
CLAS 12

Proposed

measurements
Proton DVCS
Neutron DVGS
Other highlights

Summary



Efforts towards GPD extraction T
CLAS12

F.-X. Girod
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Conclusion
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Summary and Prospects

Deeply Virtual Compton Scattering on proton and neutron
Flavor separation with Deeply Virtual Meson Production
Valence quark tomography with global GPD extraction
Also tomography of other hadrons

An option of (polarized) positrons beam is also considered
Sea and gluon tomography with Electron lon Collider
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Additional slides
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Mechanics and integration
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Positron beam option

0.8 T T T T T >
' POSItron s > 25<Q?<35
2 2 o r
% 07 | xg=0.3,Q°=3 GeV' electron = < 1 0.25<x<0.35
S P " 0.15<t<0.25
S 06 t=02GeV
) L] *
< L]
2
=)
9 ' y
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L L L L L L L L
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